Introduction
Demand for reduction in size, weight and cost of EDS is increasing, as the electrical device and component contents of vehicles are also increasing. Flat wiring components are one of the areas we are pursuing to meet such a demand. Examples of flat wiring components are FPCs, FFCs and membranes. Among the mentioned components, membranes have relatively low cost due to its simple fabrication process. To mount a membrane circuit on automobiles, an intermediate connection using rigid printed circuits or conventional large-sized connectors has been used. This conventional-type connector has a disadvantage for multi-polarization because of its large terminal pitch.
Our new membrane connector is composed of an automotive standard-type female connector on the membrane and thus enables the membrane circuit to directly connect to wiring harnesses or an ECU circuit board. Also, we have developed a new type of crimping method and succeeded to improve the connection reliability by stabilizing the contact between the membrane and the terminal. Therefore, substantial miniaturization was achieved compared to the existing products.
In this article, we report on the structure, the performance and the characteristic of our new membrane terminal and connector. Table 1 shows the specifications of conventional membrane circuit terminals for automotive use. The data reveal that none of the existing membrane connectors achieved both a short pitch and a multi-face connection at the same time.
Target Performance
A multi-face connection means that both the front and the back sides of the printed circuits can be connected as shown in Fig. 1 , which greatly increases the flexibility of the circuit design. The development target for the membrane circuit connector is as follows:
· Minimum pitch of 2.5 mm between the terminals (corresponding to a 040 connector) · Multi-face connection · Higher reliability
Terminal

Spring structure
The existing membrane connector that had enabled a multi-face connection ensured the contact load of the spring part by expanding the width of the terminal. For this reason, the connector was not capable of a corresponding miniaturization. Thus, to miniaturize, it is necessary to ensure a required contact load even if the width of the terminal is small. First of all, we have checked the contact load necessary to stabilize the contact between the membrane circuit and the terminal of width 1.9 mm and thickness 0.2 mm. Figure 2 shows the experimental data of the relationship between contact load and resistance. The data indicate that a load of 16 N or more is needed to stabilize the contact resistance.
If the spring has support on just one side, the maximum load does not provide a low enough resistance. With both ends being supported (fixed-fixed beam structure), the maximum load can achieve the resistance low enough to meet our target. Figure 3 shows the connection structure. An upper plate and a lower plate are placed in the terminal and a membrane circuit is placed between them in order to achieve a multi-face connection. Three beads, of which the center bead is the highest, provided a fixed-fixed beam structure.
Connection structure (X-bead structure)
It is necessary to form beads at the top and bottom to achieve a multi-face connection by fixed-fixed beam structure, as shown in Fig. 4 . However, a steady load could not be ensured because the beads were displaced as shown in Fig. 4 when the upper plate moved during crimping. Figure 5 shows the connection structure. Three-place beads are formed, and the upper bead is orthogonal to the lower one. The bead does not come off even if the upper plate moves during crimping because the upper and lower beads cross each other at right angles, and a sufficient load can be obtained. Moreover, to avoid damaging the printed circuit during crimping, a round shape design was adopted for the top of the beads. Figure 6 shows a photograph of the cross section after crimping, which indicates that this structure does not damage the printed circuit.
Performance assessment
There was a possibility that the contact load decreases because of the membrane circuit heat creep in the contact part of the terminal and the membrane circuit. It could cause the contact resistance to increase, so tests of high temperature and heat shock were carried out.
The contact resistance variations of the crimped area are shown in Figs. 7 and 8. Table 2 shows the test conditions. The test results show that the membrane terminal is highly reliable and no rise of contact resistance is observed. Figure 9 shows 6-Poles (6P) connectors corresponding to the membrane terminal. The membrane connector is able to connect a membrane sensor to an ECU directly. The membrane terminal corresponds to a 040 connector that has the pitch of 2.5 mm between 
Connector
Appearance
Housing structure
There were two issues related to the development of the housing structure. One of the issues we had to solve was the possibility of compression buckling when the terminals were pushed into the connector. The other issue was the concentration of stress that occurred at the crimp when a tension was applied to membrane components after the terminals were fixed in the connector.
For the membrane connector, a structure to lock the terminal was designed to fix the terminal in the connector housing using a cap. Figure 11 shows the shape of the connector housing. When the terminal is set in the connector housing, this structure brings about no load to the crimped area.
We devised strain relief in the connector as shown in Fig. 12 . A reinforcement layer was added at the end of the membrane, and holes were punched to hook membrane to corresponding tension relief pins. If the tension is applied to the membrane circuit, the stress in crimping area is reduced because the connector housing pins receive the tension. The tensile test results indicate that the tension applied to the membrane circuit has no influence on the contact resistance.
Conclusion
We have developed a membrane circuit connector with a small pitch, multi-face connection. This connector offers a high reliability with the newly developed X-bead contacts and connects membrane circuits directly to ECU circuit boards or wiring harnesses.
We are planning miniaturization, weight reduction and multi-polarization of our products by using the connector we have developed. The minimum pitch between terminals is 2.5mm
Achieve multi-face connection, high reliability 
